In this paper, we consider measures to reduce the amount of deposits in heat exchange tubes and increase the intensity of heat exchange through the use of annular notches-turbulators in tubes of shell-and-tube heat exchangers.
INTRODUCTION
At present, at the enterprises of the energy complex and in the housing and communal services (HCS) there is an acute problem of the formation of deposits in heat exchange apparatuses (HEA). Deposits negatively affect the intensity of heat transfer and hydrodynamics, which leads to an increase in operating costs, as well as reduction in the efficiency of the device.
Recently, there has been an increasing interest in the method of reducing the amount of deposits on heat exchange surfaces due to the use of artificial turbulence of the coolant flow. The essence of this method boils down to the fact that the knurling of ring turbulators is performed along the entire length of the tube on its outer surface at certain intervals. Due to the use of additional grooves along the length of the tube, flow swirls are formed, which destroy the near-wall laminar sublayer. This helps to reduce the formation of deposits by preventing the sediment from attaching to the heat exchange surface and improving their entrainment by the coolant flow. In addition, the complication of the surface geometry of the tubes leads to an increase in heat transfer surface. _____________ Voronezh State Technical University, 14, Moskovsky Avenue, Voronezh, 394026, Russia
DESCRIPTION OF THE DESIGN OF THE HEAT EXCHANGE APPARATUS
To conduct an experiment on the application of the above described method of reducing the number of deposits and intensifying heat exchange, two identical "shell-and-tube" heat exchangers were designed, the schematic diagram of which is shown in Figure 1 . As heat exchange surfaces, tubes with annular turbulators applied to them were used, shown in Figure 2 . The heating medium was saturated steam with a pressure of 6 P  atm. and temperature 158
t °С, located in the annular space. The heated medium was water located in a tube space with an inlet temperature of 20 t  °C. Technical indicators of water: hardness total. -2.5 ml / eq / dm3, hardness Ca -2.4 ml / eq / dm 3 . Characteristics of the experimental tubes are presented in Table I . 
EXPERIMENTAL RESEARCH ON A HEAT EXCHANGE APPARATUS
In the experiment, two heat exchangers were used. The first was operated in laminar, and the second -in the turbulent flow of the heated coolant. The total duration of all experiments was 2000 hours; 5 operating modes for each HEA were investigated. The purpose of the experiments was to determine the hydraulic resistance in the tubes, the flow rate of the heated coolant, the intensity of heat transfer and the influence of turbulators on the formation of deposits. After the experiment, the heat exchangers were disassembled, and the tubes were removed for detailed study using special means. The results of studies of the local distribution of sediments are presented in Figure 3 and in Table II . 
CONCLUSIONS
The results of the experiment showed that the use of tubes with turbulators in a heat exchange apparatus operating in a laminar mode is not effective, since tubes were subjected to greater fouling of deposits on the inner surface of heat transfer. Tubes with turbulators during turbulent operation of the heat exchanger, showed the opposite effect -there was a decrease in the amount of sediment. So the minimum value of sediment formation in the form of sediments was observed for pipes with turbulators in the ratio md = 4•10 3 -14•10 3 . In sample No. 6, the amount of sediment was the lowest with a ratio of 0,75 dD  и 0, 25 tD . Thus, the experiment confirmed theoretical studies in the field of heat and mass transfer, which is much less in tubes with turbulators than in smooth pipes, but only under the condition of turbulent motion of the coolant. Again, almost all heat exchangers operate in the turbulent motion of the coolant, which confirms the relevance of their application. The use of rolled tubes in heat exchangers increases the service life of the plant, increases heat transfer, heat transfer and leads to an increase in heat transfer intensification. At the same time, the cost of rolling a single tube is 2-4% of its cost.
